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Torpedo: Definitiori (The Free Online Dictionary) 


torpedo 

• n. pl. tor pe does 

• 1. Acigar-shaped, self-propelled underwater projectile launched from a 
submarine, aircraft, or ship and designed to detonate on contact with or in 
the vicinity of a target. 

• 2 . 


Note Omission: Also launched from land against maritime targets, as in 
coast defence systems. 







Sources 

1. Kirby (can be found here: http://www.geoffkirby.co.uk/) 

2. Gray (Deviis Device - Whitehead) 

3. Personal Knowledge and On-Line Research 






OverView: 

1. The Early Periodi 868-1943 

2. The Modern Period 1943-present 

3. The Future? 

In order to fit everything else in I will not be discussing 
warheads and fuzing except possibly in passing 






Part 1: The Early Period 1868-1943 


The reign of straight running anti-surface ship weapons 






Mid 19 th C Developments 

1. Concept of Costal Assault developed by the UK and France 
during the Crimea war, and the USA/CSA in their Civil War 

• Development of iron clad warships by UK and France first as 
part of their costal assault forces in the Crimea War and 
subsequently ocean going iron clads (1858-61) 

• American use of costal iron clads in their civil war. 

• Development of Static Mines and the Spar Torpedo as costal 
defence weapons for the weaker power in the US Civil War 

2. Battle Lissa between Austria and Italy (1866) demonstrates Virtual 
invulnerability of iron clads to gun fire but extreme weakness 
against underwater damage (ramming) 

3. Whitehead starts work for Austria (1866) on the Automobile 
Torpedo (as an alternative to ramming) 






Spar Torpedo Boat (probably in 1898) 









Time Line of Principle Branch of Torpedo Family Tree 

Down to 1939 


1862 Hampton Roads 
demonstrated Virtual 



=> 

Improving speed, range 
payload, guidance and 
control 

















Problems of an Automobile Torpedo and Whitehead's Solutions 

1. Propulsion 

Compressed air driving a piston engine 

2. Depth Control 

"The Secret" of Whitehead linked to horizontal control surfaces 

3. Directional Stability 

Gyros for space reference, linked to rudders 






(table from “Underwater Missile Propulsion”) 


1. Mechanical Energy (fly wheels, springs, ..) 

2. Stored Thermal Energy (steam, molten salt or metal) 

3. Chemical Energy (combustible propellants. Not Chemical but included here: 
compressed air) 

4. Electrical Energy (batteries) 

5. Buoyancy changes (1’m not aware of a torpedo that uses this, but included for 
completeness) 

6. Nuclear, either Radionuclide Thermal Generators (RTG) or reactors 


Note: 1,2, 3 and 4 usually driving propellers often counter rotating (or ducted propulsors in the later modern period), but 
also crude rocket propulsion from stored Chemical energy) 


io 






Depth Control 


E 


Kirby’s Diagram of the 
“Secret” 

The “Secret” allegedly cut the depth error 
from 6 feet to 6 inches, tests in WW2 
showed that 1.5 feet was realistic in low 
sea conditions 
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DEPTH BELLOWS 
PENDULUM PIVOT 
ELEVATORS 



FIG. 3. Pendulum-Hydrostat depth gear of early 
torpedoes. 
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US Mk14 Depth and 
Steering Control 
Mechanism 
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Steam Torpedo Steering Engine 

(US Mkl4 21 "Torpedo) 



Figure 89B-Steering Engine in position which results in rudders assuming 
hard-over-to-port position. Piston and vaive have reversed their relative 
positions. Note how control chamber in vaive permits flow of incoming air 
through hand intake channel to cylinder, while chamber at left-hand end of 
vaive opens channel for exhaust (compare with Fig. 89A). 
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Steering Engine Control Valve Operation 



left side of piston | 


t 


right side of piston 



◄-► push-pull from sensor 
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Depth 


Control 


(a modern interpretation of the “Secret” as in US Mk14) 



Early direct linkage does not have this but 
we have a smooth relation between control 
surface deflection and the demand 
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Early Whitehead Torpedoes 
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Torpedoes on the assembly line at the Whitehead factory in Fiume. (US National Archives) 
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TABLE 7. Comparison of Performance of Inter-War Period Torpedo Systems 


Origin 

Engine type 

R.P.M. 

B.H.P. 

Fluid rate of 

consumption. 

w! 

4 

<5 

5 

Total rate of fluid 

consumption Ib./b.h.p./hr. 

Total weight Ibs. 

Weight/Power ratio 

K 

X 

Fuel 

Diluent 

U.K. 21 in. Mk. 8 

Burner cycle 

1350 

407 

7 66 

064 

— 

8-3 

265 

0 65 

U.K. 18 in. 

Burner cycle 

1350 

300 

8 20 

0-70 

— 

89 

162 

054 

U.S. Mk. X 

Turbine 

13800 

158 

1500 

1 60 

50 

216 

158 

1 00 

Swedish 

Turbine 

^60100 

310 

1380 

1 00 

96 

244 

411 

1 32 

French 

Turbine 

15000 

175 

14-20 

1 60 

1-7 

17 5 

190 

092 
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State of the Art 1941 


1.21” Weapons: Used by submarines and surface ships, ca 1500kg, ca 300kg TNT 
warhead, ca 4-6km @ 45kts for thermal, 5km @ 30kts for electric (range at highest 
speed only quoted) 

2. Air Drop Weapons (45cm/17.7” except US 22.4”): ca 750kg, ca 175kg TNT warhead, 
ca 2km @ 40kts (range at highest speed only quoted) 

3. Japanese oxygen weapons 

21” Type 93 (submarines): ca 1670kg, ca 400kg TNT equiv warhead, ca 9km @ 50kts 
(range at highest speed only quoted). 

24” Type 93 (surface ships): ca 2700kg, ca 490kg TNT equiv warhead, ca 20km @ 
49kts 
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Some Operational Results 


Italian Cruisers Hit by British Torpedoes in WW2 


Name 

Disp (FL) 

Date 

Hit Bv 

Resuit 

Comment 

Armando Diaz 

7194 

02/41 

2 x Mk 8 

sunk 


Bolzano 

13666 

03/41 

1 xMk8 

survived 


Pola 

14133 

03/41 

1 xMkll (18") 

survived 

(stopped and subsequently sunk by qunfire) 

Giuseppe Garibaldi 

11550 

06/41 

1 xMk8 

survived 


T rieste 

13331 

11/41 

1 xMk8 

survived 


Alberto da Giusano 

6154 

12/41 

1 xMk9 

sunk 


Attilio Reqolo 

5420 

12/41 

1 xMk8 

survived 


Bande Nere 

6954 

04/42 

2 x Mk 8 

sunk 


Trento 

13331 

06/42 

1 xMkll &1 xMk8 

sunk 


Muzio Attendolo 

8994 

08/42 

1 xMk8 

survived 



Merchant Ship Probability of Sinking when Hit by a Single Torpedo * 1/3 

Kimball and Morse reporting UK OR studies 






















Some Operational Results 



Ship Sunk 


- 25% prob sinking contour 

- 50% prob sinking contour 

75% prob sinking contour 
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Part 2: The Modern Period 1943-present 

The rise of anti-submarine and anti-surface ship homing 
torpedoes 






Time Line of Principle Branch of Torpedo Family Tree 

1939-1960 


1943 Germans introduce 
pattern running torpedoes 
1939: Germans Introduce 
G7e electric torpedo 
cheaper than the thermal 
G7a and wakeless 

1943: Germans Introduce 
G7e/T3/T4 passive 
acoustic homing weapons 

V 

State of the Art 
Thermal 
Torpedoes 


ir 


1943-1960: Assorted 
interim weapons with 
combinations of active, 
passive and wire guidance 

A 


1961 USSR introduce 
wake homing torpedoes 
(based on WW2 German 
research?) 

* 

1959: US Mk37 Mod 0 
active passive homer 


ii 


1943: US Introduce the 
Mk24 “Mine” air-drop 
passive homing ASW 
torpedo 


1960: US Mk37 Mod 1, 
Mk37 with wire guidance 
added 


Increasing Complexity of 
Homing Systems and Speed 
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Mk 24 "Mine" (1943 passive homing ASW torpedo) 

• Air Dropped "Light-Weight" (19 inch)~308kg 

• Speed 12kts (~6.2m/s) 

• Search Depth ~45m 

• Range/Endurance ~3700m+ (~10min+ @ 12kts) 

• Frequency 24kHz 

• Warhead 42kg 

• Search Circle Radius 23m (design:~llm) (~0.65 deg/sec/kt) 

• Ceiling ~12m 

• Detection Range ?? (circumstantial evidence is for teris rather 
than hundreds of metres, though endurance is consistent with 
hundreds of metres rather than tens of metres, as is use to 
prosecute sonobuoy contacts by USS Bogue's air group, so lets 
say lOOm) 






Mk 24 "Mine" (1943 passive homing ASW torpedo) 
♦ Introduced ca May 1943. 

FIDO MARK 24 “MINE” 
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Mk 24 "Mine" (1943 passive homing ASW torpedo) 

• P k ~ 20% (US Service) ~10% (UK Service) 

• Why the difference? 

• Is this an effective weapon? 



HYDHOPHONE 
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Taylor’s Attack on 1-52, 23 
June 1944 



attack 
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Avenger Bomb Bay 
showing depth bombs and 
sono-buoys (presumably 
Fido would be between 
the sono-buoys) 

U.S. Navy National Museum of Naval Aviation 
photo No. 1996.488.002.008 









US Mk 32 "Mine' 


(active development of Mk24 Mine homing torpedo) 
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G7e/T5 (1943 passive homing anti-escort torpedo) 

Submarine Launched Heavy-Weight (21 inch) (~1400kg) 
Speed 24-25kts (~12.3-13m/s) 

Range/Endurance ~ 5700m 
Frequency 24-25kHz 
Warhead ~200kg 

Detection Range ?? (order of 100-200m?) 

Sonar coverage ~+/- 30-40 degrees about weapon axis 
400m straight enabling run before homing system 
enabled 

P k ~53% in trials ~6% ~14% or ~20% operationally (depending 
on who you believe ... ) 






G7e/T5 (1943 passive homing anti-escort torpedo) 

From Kirby: 

"The flat-nosed weapon, ... , carried four magnetostriction 
hydrophones wired in alternating pairs. A phase delay was 
introduced between the sets of pairs so that the electrical output 
was a maximum for sound arriving a +/-25° to the axis of the 
weapon in the horizontal plane. The amplitude in each pair of 
hydrophones was compared by switching to a comparator at 100 
cycles per second. The rudders were then swung to steer the 
weapon towards the side receiving the greatest noise. In the 
round nose weapon ..." 






Introduction Of Homing Torpedoes 


• Notes on the Aetion Around Convoys ON202 and ONS18 in 
September 1943: 

• U-Boats withdrawn from North Atlantic after defeat in battles 
about SC122 and HX229 in March 43 to re-equip 

• Redeployed for September with G7e/T5 (GNAT) anti-escort 
weapons and FAT (programmable pattern running torpedoes). 

• 25 GNATs fired at escorts for 4 hits and three escorts sunk 

• The single salvo of FAT fired by U238 sank three merchant 
ships (the salvo would have been of three, as one of the 
forward tubes would normally be reserved for a GNAT) 

• Aircraft in support of the convoy/s sank U338 with a FIDO 
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Cold War and Post Cold War Period 


Development of the types of weapon introduced in WW2: 

• Light Weight ASW Torpedoes primarily for air drop (and surface ship use) 

Acoustic Homing 

• Heavy Weight Torpedoes either anti-ship or anti-submarine or 
dual use for use primarily by submarines 

Acoustic Homing, Unguided Nuclear, Wake Homing, .. 
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Cold War Period Torpedo Development 
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UK 18” Mk 30 19kts Passive Homing Air-Drop Anti-Submarine Torpedo 

1954-70 












The Mk37 was the US Navy's primary 
submarine-launched antisubmarine torpedo. 


Following launch, it performed a gyro-controlled 
run-out, followed by a snake or circular search 
pattern using passive; once a target was 
acquired, the torpedo closed to about 640m in 
passive and then switched to active for the 
terminal attack. 


US Mk37 (1956/9-1995) 


The Mark 37 was a 19 inch torpedo and has been described 
as the firsttruly modern homing torpedo, its guidance system 
featuring: 

• "Doppler enabling", in which the homing system only paid 
attention to targets that produced an echo frequency shift 
due to their motion, ensuring the torpedo ignored 
reverberations from stationary targets. 

• "Conical scanning", which used four-quadrant receiver 
transducers and a single amplifier, with cyclical read of 
the transducers generating both vertical and horizontal 
guidance. 

The Mark 37 had a mass of 648 kilogram, including a 150 
kilogram warhead; and electric propulsion with two 
selectable speeds - 17kts for a range of 21,100 meters , or 
26kts for a range of 9,175 meters. 
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US Mk50 Array Geometry 


Generic Contemporary Heavy Weight Torpedo 

oooo 
oooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooo 


Auto-Pilot, Homing, 
Safety, ... Computers 


Propulsor and Control 
Surfaces 
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Shkval VA-111 


Soviet Cold War unguided nuclear warhead counter-fire weapon, 
also suitable as anti-Carrier weapon, super-cavitating rocket 
propulsion, 21”, 2700kg, 200kt, 7km weapon. 

Post Cold War version with conventional warhead and longer range, 
slows down for search/homing. Stili needs a range and so probably 
stili a counter-fire and ASuW weapon. 


Wire guidance is also mentioned but seems implausible for a 
number of reasons. 







Part 3: The Future? 

New Roles, New Threats? 
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The Future? 

1. Improving Counter Measures 

2. Littoral Operations: Shallower water operatiori, Difficult acoustic 
conditions, False Targets. 

3. Anti-Torpedo Torpedoes- Need to be faster than target torpedo, 
difficult acoustics in ship wakes, need to counter. 

4. Torpedo Based UAVs 

5. Ultra Light Weight - allow helicopters to carry larger numbers 

6. Stand-Off LWT- proliferation of submarine AA missiles, hence need 
for stand off capability for helicopter and MPA launce. 

7. Longer Ranges (140km reported for DM2A4 variant) 

8. Larger Salvoes 

9. Non-Acoustic sensors? 






Do They Work? 



42 







E 


End? 
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